Proline has also been shown to be a major organic osmolyte as well as providing protection against the toxic effects of high Na + [14] . EBCs showed high expression of a ProT-type proline transporter indicating a role in uptake of proline from surrounding leaf cells. This observation correlates with evidence for increased expression of proline synthesis-related genes in leaves (but not EBCs) in response to salt stress treatments.
The study by Bö hm et al. represents a comprehensive approach to the problem of how membrane transporters can be organised to attain sustained one-way transport against considerable ionic gradients ( Figure 1 ). The constitutive expression patterns observed also strongly suggest that the transporter activity is tightly regulated and coordinated both within the EBCs and with their neighbouring cells. In support of this is the finding that the sensor-kinase CIPK23-CBL1, in contrast to the transporters and channels, is differentially expressed in response to salt treatment and is required to activate CqHAK. An important question arising from this study concerns the nature of Cl À transport across the plasma membrane. Bö hm et al. speculate that a member of the NPF transporter superfamily may have a key role. It will now be important to begin to understand the wider regulatory mechanisms that give rise to the required co-ordinated responses to variations in salinity. To fully understand how Na + and Cl À are eventually dumped in the EBC vacuole, and to realise the potential of findings such as these for better crop production more generally, co-ordination and regulation of transport in roots, shoots and leaves also needs to be better understood. Bö hm et al. provide a holistic study of transport to the EBC, an important step in determining the mechanisms underlying co-ordination at the whole plant level. 13 Building on the recently published Octopus bimaculoides genome, a new study identifies an evolutionarily conserved neural mechanism for serotonergic regulation of social behaviors.
Octopuses are well known as intelligent invertebrates with a rich repertoire of behaviors and spectacular camouflage abilities [1, 2] . Unlike their 10-armed cousins ( Figure 1A ) they are also popularly described as solitary ( Figure 1B ), cannibalistic animals, that even during mating will maintain the largest possible distance apart [3] . But this view is only one example of the social behavior of specific species of octopuses, in what is an extremely diverse species. In recent years our knowledge of the social lives of octopuses is broadening with the publishing of several important papers on social aggregations and non-aggressive social behaviors of octopuses, based predominantly on observations in the wild [4] [5] [6] .
In a paper published in this issue of Current Biology, Edsinger and Dö len [7] have moved the study of social behavior in octopus into the lab. Using the twospot octopus (Octopus bimaculoides), the authors adapted the three-chambered social approach task to test the drive for social interaction [8, 9] . In this task an octopus is placed in the center of a threecompartment aquarium and then, as octopuses tend to do, is left to explore. One compartment has an object that the octopus has never seen, the center is empty, and the last has another octopus (safely placed in a clear container to avoid fighting). This task is widely used in rodents for testing dominance, sociability and social novelty, and to assess general sociability in rodent models of neuropsychiatric disorders. In their first test the authors presented male and female octopuses with a male or female conspecific and a novel object. They found that both male and female octopuses spent more time in the chamber with a female conspecific than with a novel object, but octopuses who were presented with a male conspecific spent more time in the object chamber.
Since the octopuses used in this study were adult animals in their reproductive stage, the association between males and females is expected, as well as repulsion between males and males, but the association between females and females is surprising.
Following the promising behavioral experiments, the authors turned to the recently sequenced octopus genome [10] . Despite the clear differences in neural structure, octopuses solve many similar daily tasks as vertebrates and show many comparable abilities, especially in learning and memory. This has made them an important species for comparative cognition and comparative neuroscience [2] . Such comparative approaches take advantage of both the similarities and the diversity to gain insight into the neural mechanisms that underlie behavior. Since their octopuses showed signs of general sociality, and the fact that during mating asocial behavior is temporarily suspended, the authors suggest that the neural mechanisms for social behavior should exist in octopuses. While this is a very safe assumption it does not necessarily mean that the neural mechanisms in octopuses would be comparable to those we find in humans. This is what makes their next findings so exciting.
Focusing on the behavioral drive for social interaction in octopus, the authors chose to investigate (+/-)-3,4methylendioxymethamphetamine (MDMA), a drug that enhances acute prosocial behavior in humans and rodents [11] . MDMA effects are mediated by oxytocin, dopamine and serotonin [12] . The principle binding site of MDMA is on the sixth trans-membrane domain (TM6) of the serotonin transporter (SERT), encoded by the SLC6A4 gene. Within this domain, the region of amino acids 333 to 336 is especially interesting as it provides an overlapping binding pocket for MDMA and serotonin [13] . Using molecular phylogenetic analysis, the authors found two orthologs of the SLC6A4 gene in molluscs, homologous genes in different species that have presumably evolved from a common ancestral gene. Interestingly, one of these orthologs was found only in molluscs, and the other was found in diverse species but not in vertebrates. When comparing these two orthologs with the human SLC6A4 gene the authors found that when aligned with the human SLC6A4 there is a 100% identity in the 333 to 336 region. Since at the sequence level the domain that binds MDMA is conserved, the authors speculated that the functional molecular binding mechanism might also be conserved. Therefore the authors next tested whether, as in rodents and humans, MDMA might also produce prosocial behavioral effects. Using the same three-chambered social approach task the authors tested octopuses pre and post introduction of MDMA. Rather than injecting into the blood stream, the authors chose to introduce the drug into the system by immersing octopuses in R1148 Current Biology 28, R1143-R1163, October 8, 2018
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Dispatches seawater containing a human equivalent dose of MDMA. This novel method is a potential low stress approach to drug application in cephalopods.
While MDMA seems to have affected at least two of the animals, the individual variation in time spent with object versus other octopuses, as well as the small sample size, opens the field for more experiments. What is very clear is that the authors have identified a method that will allow us in the future to test not only more octopuses, but also some of their more social relatives. Within the cephalopod species lie a variety of social structures ranging from solitary to schooling [2] . While many studies of the octopus behaviors are unique [14] there is a need for unified testing methods for those behaviors which can be easily compared to other animal species. In fact, not many tasks can be so elegantly applied to octopuses. This work uses the sequenced genome as a resource for connecting between neural mechanism and complex behavior. These can be powerful tools for understanding the evolution of behavior and intelligence and the unique case of the octopus.
Mutation rate variation is often explained by varying optimal rates, or through effective population sizes determining the effectiveness of selection. But a rate difference between humans and owl monkeys is now explained mechanistically as a consequence of differing reproductive longevities.
Mutation creates the variation that underlies all evolutionary change. While mutations are far more likely to be harmful than beneficial, evolution's requirement for mutational input leads to the conclusion that the optimal rate of mutation cannot be zero. Due to mutation's association with evolution, one can easily imagine that mutational rates may themselves be evolutionarily optimal, and adjusted to the nuances of each species' requirements. However, a new paper from Thomas et al. [1] in this issue of Current Biology suggests that an observed difference in mutation rates between humans and a species of owl monkey (Aotus nancymaae), with the monkey's rate being just 68% of human's, is, in fact, easily explained on mechanistic grounds as a function of the reproductive longevity of this species.
The measurement of mutation rates at the DNA level is difficult. We can measure the rate of mutation when mutation creates a selectable phenotype in a microbial system, but it is hard to extrapolate to the rest of the DNA sequences in the genome, since mutation rates can differ between loci. A more indirect route is to infer the mutation rate from the rate of evolution. For genomic sites where variation is neutral, the
